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Demographic Parameters of Yellowfin Croaker, Umbrina roncador
(Perciformes: Sciaenidae), from the Southern California Bight1
Daniel J. Pondella II,2,3 John T. Froeschke,4 Lynne S. Wetmore,3 Eric Miller,5 Charles F. Valle,6
and Lea Medeiros7
Abstract: The yellowfin croaker, Umbrina roncador Jordan & Gilbert, 1882, is a
common nearshore and surf-zone species in the southern California bight. Age
was determined for individuals (n ¼ 1,209) using annual increments in otoliths,
and size at age was modeled using the von Bertalanffy growth curve (Ly ¼
307:754 mm, k ¼ 0:278 yr1, t0 ¼ 0:995 yr; maximum age ¼ 15 yr). Females
(Ly ¼ 313:173 mm, k ¼ 0:307 yr1, t0 ¼ 0:771 yr) grew significantly faster
and larger than males (Ly ¼ 298:886, k ¼ 0:269 yr1, t0 ¼ 1:072 yr). Age and
growth modeling based upon otolith length (OL) and width (OW ) measure-
ments were assessed and were consistent with body measurements. Males and
females were found in all size classes and in an overall 51 :49 ratio that was not
significantly different from a 50% sex ratio, suggesting that these fish are gono-
chores. Fish were reproductive during summer months, with gonadosomatic in-
dices (females, 5.65%; males, 5.51%) consistent with group-spawning fishes.
Data from two separate monitoring programs indicated that yellowfin croaker
catch-per-unit-effort (CPUE) fluctuated appreciably from 1992 to 2006 on
both spatial and temporal scales. CPUE also declined significantly in the latter
years of these programs. Based on samples collected between 2003 and 2004,
an estimate of overall annual total mortality was A ¼ 0:4492, and instantaneous
coefficient of total mortality was estimated at Z ¼ 0:5964. Recruitment year
classes were back calculated using annual survivorship. Year class strength was
variable and declined significantly by the end of this study. Considering the
high temporal and spatial variation in estimates of abundance and recruitment,
coupled with the likelihood that these fish employ a probable group-spawning
reproductive behavior, we recommend a cautious approach for the future man-
agement of this species.
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The croaker family (Sciaenidae) domi-
nates nearshore soft-bottom, estuarine and
freshwater habitats throughout temperate
and tropical waters (Nelson 2006). Due to
their abundance and this accessibility they
support important commercial, recreational,
and artisanal fisheries wherever they are
found. Southern California currently has
commercial fisheries for white seabass (Atrac-
toscion nobilis) and white croaker (Genyonemus
lineatus) (Vojkovich and Reed 1983, Love
et al. 1984). White croaker and queenfish
(Seriphus politus) are commonly used for bait
(Eschmeyer and Herald 1983), and spotfin
croaker (Roncador stearnsii ), shortfin corvina
(Cynoscion parvipinnis), and California corbina
(Menticirrhus undulatus) are valued sportfish.
Sciaenids are typically schooling species, and,
where observed, they form spawning aggre-
gations in the nearshore environment. This
behavior can lead to overexploitation (Sala
et al. 2001), and four croakers are listed as
threatened or endangered species in North
America (Musick et al. 2000).
The most recognizable feature of the
southern California coastline is long stretches
of sandy beaches, which attract millions of
tourists and thousands of anglers annually.
In spite of their considerable potential for
anthropogenic impacts, the fishes of this hab-
itat are the least-studied assemblage in the
southern California bight. The last synoptic
survey was completed in the mid-1950s
(Carlisle et al. 1960).
An abundant member of this community
is the yellowfin croaker, Umbrina roncador
Jordan & Gilbert, 1882 (Allen and Pondella
2006). Commercial take of this species has
been banned since 1909, and it has remained
a popular sportfish (Skogsberg 1939, O’Brien
and Oliphant 2001). Native Americans fished
for yellowfin croaker throughout most of the
Holocene, and during that period it was not
caught above Point Conception, the northern
edge of its range today (Miller and Lea 1972,
Gobalet 2000). Thus, it is a component of the
warm temperate San Diegan Province, dis-
tributed as far south as Magdalena Bay, and
has also been observed in the Gulf of Califor-
nia (Allen and Robertson 1994, De La Cruz-
Agüero et al. 1994, Love et al. 2005).
A recent assessment of fishes just beyond
the surf zone (5–14 m deep) found that yel-
lowfin croaker was the most abundant species
on the southern California mainland and
third most abundant at Santa Catalina Island
(Pondella and Allen 2000). Yellowfin croakers
have a chin barbel and an inferior jaw typical
of soft benthos foragers. Thus, it is not un-
expected that previous investigators described
this species as preferring shallow sandy sub-
strates, embayments (Skogsberg 1939, Horn
and Allen 1985), and especially the surf zone,
and it has also been noted around rocks
(Feder et al. 1974). Despite its relatively high
density, widespread presence in the easily
accessible nearshore environment, and im-
portance in recreational fisheries, there is a
paucity of life history information about this
species. Thus, studies of their life history
and demographic characteristics constitute a
critical endeavor for conservation and man-
agement of this species. In addition, such
studies can provide valuable insights into the
function and health of the little-studied surf-
zone ecosystem of the southern California
bight.
materials and methods
Yellowfin croaker were collected primarily us-
ing experimental gill nets as part of the mon-
itoring for California Department of Fish
and Game’s Ocean Resources Enhancement
Hatchery Program (OREHP). From 1995 to
2006, 7,757 yellowfin croaker were captured
at 12 stations in the southern California bight
(Figure 1) (Pondella and Allen 2000). In this
program, six replicate monofilament gill nets,
each 45.7 m in total length and 2.4 m in
depth, and consisting of six panels 7.62 m
long (two each of 25.4, 38.2, and 50.8 mm
square mesh), were deployed on the bottom
in the late afternoon and retrieved the follow-
ing morning. Sampling was conducted annu-
ally in April, June, August, and October from
April 1995 through October 2006. In 2005–
2006 sampling was conducted in June and
October. Malibu, Newport, Palos Verdes,
Seal Beach, and Ventura were sampled in
all years. Sampling at Oceanside and Point
Loma ended in June 1996. At the remaining
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stations sampling began in August 1996 with
the exception of Marina del Rey, where sam-
pling began in October 1996. East End, Santa
Catalina Island, was not sampled in 2005–
2006. Nets were set in 5–14 m depth on
sandy bottom usually just outside the surf
zone and either close to kelp beds or on the
fringe of rocky reefs. The exceptions to this
protocol were Marina del Rey and Seal
Beach, which do not have rocky reefs or kelp
beds. Marina del Rey is part of the Ballona
Wetland system but has been converted to a
small-craft marina. As such, nets were set out
of the boating lanes in two locations. Three
were set parallel to the riprap between the
U.S. Coast Guard and UCLA docks, and
three were set in Mother’s Beach. At Seal
Beach the nets were set along the eastern
stretch outside the surf zone on the sand
near the west jetty, which borders the en-
trance to the Anaheim Bay and Huntington
Harbor part of the Bolsa Chica wetlands.
Nets were set approximately 1 hr before sun-
set and retrieved 1 hr after sunrise.
Data from the collections were used to cal-
culate catch-per-unit-effort (CPUE) by sta-
tion and year by calculating the total catch
per station (all nets combined). Summarizing
the data in this fashion, although reducing
power, resulted in removing zero catches
from the matrix, alleviated concerns of auto-
correlation among replicates (Studenmund
2001), and allowed parametric statistical
methods to be employed. A one-way analysis
of variance (ANOVA) was used to test for
differences in mean CPUE among stations
sampled from 1996 to 2004. Before the AN-
OVA, values of CPUE by station and date
were transformed using log10ðxþ 1Þ to sat-
isfy the assumption of normality. Normality
was tested using Shapiro-Wilks w statistic
(Legendre and Legendre 1998). The CPUE
Figure 1. Locations of the OREHP monitoring stations and the additional sampling stations in the southern Califor-
nia bight.
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by sampling period for all stations was then
calculated and correlated (Pearson’s r) with
mean monthly sea-surface temperature (SST)
as recorded at the Newport Pier (www.sccoos
.org).
A second time-series data set was analyzed
as a measure of relative temporal abundance
of yellowfin croaker. Total number of yel-
lowfin croaker entrapped in the cooling-
water systems at San Onofre Nuclear Gener-
ating Station (SONGS) Units 2 and 3 was
evaluated for the period 1992 to 2002. The
intake structure is a 3.7 m Mean Low Low
Water (MLLW ) riser that is 960 m offshore
at a depth of 9.1 m (Love et al. 1989). Mean
number of entrapped croaker per survey was
analyzed across all months for the time pe-
riod, as well as on an annual basis. A total of
313 cooling-water surveys was conducted at
the two units from 1992 to 2002. Mean an-
nual and monthly SST, as recorded at the
Scripps Pier (Scripps Institution of Oceanog-
raphy, La Jolla, California), was correlated
(Pearson’s r) with the mean annual, monthly,
number per survey.
During the 2003–2004 OREHP sampling
seasons, sagittal otoliths were collected from
866 yellowfin croaker. An additional 21 indi-
viduals were collected in beach seines, and
three individuals were collected on hook and
line. The following measurements were made
in the field: head length (HL), standard
length (SL), fork length (FL), total length
(TL), total wet body weight (TW ), and go-
nad weight (GW ). Hanging spring scales
(Pesola) were used to measure TW to the
nearest gram and GW to the nearest 0.5 g.
All length conversions followed a linear
model, and weight-length relationships were
determined using the power function: W ¼
aLb, where W ¼ weight (g), and a and b ¼
species-specific constants that were modeled
in Microsoft Excel. A gonadosomatic index
(GSI) in percentage was determined to esti-
mate seasonal patterns of reproduction,
where GSI ¼ ðGW/ððTWÞ  ðGWÞÞ  100
(Barbieri et al. 1994). The proportion of
males to females was tested against an ex-
trinsic hypothesis of a 50% sex ratio using
the chi-square distribution (Sokal and Rohlf
2000).
An additional 319 samples from size classes
that were underrepresented in the ORHEP
sampling were provided by the California
Department of Fish and Game. Otoliths
from those samples, collected in 1994–1997
during seine and trawl studies (collection sites
shown as ‘‘Additional Sampling Stations’’ in
Figure 1), were combined with ORHEP oto-
lith samples and used to complete the over-
all growth curve. In the laboratory, otolith
length (OL) and width (OW ) were measured
(G0.01 mm) with a digital caliper (Mitutoyo),
and the otoliths were weighed (OWt,
G0.0001 g) with an analytical balance (Sartor-
ius). All length conversions followed a linear
model, and weight-length relationships were
determined using the power function: W ¼
aLb, where W ¼ weight (g), and a and b ¼
species-specific constants that provided the
best fit to this model in a Microsoft Excel fit-
ting routine.
Otoliths were sectioned and used to deter-
mine age following the procedures of Craig
et al. (1999) using reflected light. Annuli on
otoliths appeared as opaque and translucent
bands, consistent with results from other
sciaenids and fishes from the area. Whether
the otolith edge was opaque or translucent
was recorded, because this indicates the rela-
tive rate of growth of the fish (Lowerre-
Barbieri et al. 1994). We successfully deter-
mined age for all 1,209 individuals. Length
(SL), OL, and OW at age were modeled
with the nonlinear regression procedure in
SYSTAT (SPSS Inc., version 11) using the
von Bertalanffy growth equation: Lt ¼
Lyð1 ekðttoÞÞ, where Lt ¼ standard length
at age t, Ly ¼ theoretical maximum standard
length, k ¼ constant expressing the rate of
approach to Ly, and to ¼ theoretical age at
which Lt ¼ 0. Fifteen fish from the gill nets
were partially eaten, and their SL was esti-
mated from the HL (Table 1). Growth curves
were modeled for all individuals pooled and
separately for males pooled and females
pooled; immature fish were included in all
models. The three parameters, Ly, k, and to,
for each sex were tested for differences versus
the F-distribution using the residual sum of
squares and following a nonlinear method re-
ferred to as ‘‘extra sum of squares’’ or ‘‘condi-
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tional error principle’’ in SYSTAT (Ratowski
1983, Craig et al. 1999).
Using the ages of the fish caught during
the 2003–2004 OREHP sampling season,
the instantaneous coefficient of total mortal-
ity ðZÞ and overall annual mortality ðAÞ were
estimated using the following equations
from Ricker (1975): N1=N0 ¼ eZ and Z ¼
lnð1 AÞ. In our calculations N0 was the
number of individuals in an age class cap-
tured in 2003, and N1 was the number of in-
dividuals in the subsequent age class caught in
2004. Mortality rates were calculated for each
age class and over all year classes. Birth years
were then calculated by subtracting age from
the catch date and then adjusted for the rate
of survival ð1 AÞ to examine annual recruit-
ment class strength. Time-series trends were
described using a linear regression model. All
statistical routines were run in Statistica (ver-
sion 7.0) unless otherwise noted.
results
From 1996 to 2004 in the OREHP monitor-
ing program mean CPUE ranged from a high
of 65.3 (G13.3 standard error [SE]) individu-
als per station at Seal Beach to a low of 1.4
(G0.4 SE) individuals per station at Ventura
(Figure 2). Mean CPUE was consistent at all
the Catalina stations, ranging from 23.2 (G3.3
SE) to 24.4 (G4.4 SE) individuals per station
at Catalina Harbor and Santa Catalina–West
End, respectively. Mean CPUE at Ventura,
Santa Barbara, and Malibu was significantly
lower than at the remaining stations with
two exceptions (ANOVA, F ¼ 19:9; df ¼
9; 329; P < :001. Tukey’s post hoc test, P <
:001). CPUE at Malibu was not significantly
TABLE 1
Conversion Equations Relating Head Length (HL),
Standard Length (SL), Fork Length (FL), Total Length
(TL), Otolith Length (OL), and Otolith Width (OW ),
All in Millimeters, and Quality of Linear Fit ðR2Þ
Conversion Equation R2
FL ¼ 1.1413SLþ 7.7108 0.9937
TL ¼ 1.2072SLþ 2.9756 0.9959
TL ¼ 1.0423FL 0.2072 0.9952
SL ¼ 3.3569HLþ 21.077 0.9430
FL ¼ 3.823HLþ 31.871 0.9513
TL ¼ 3.9895HLþ 32.716 0.9525
SL ¼ 28.753OL 36.877 0.9246
SL ¼ 56.176OW 73.233 0.8096
Note: HL, SL, FL, and TL were measured to the nearest mil-
limeter with a measuring board in the field.
Figure 2. Mean CPUE, number of fish per station (G1 SE), at 10 stations in the southern California bight from 1996
to 2004 was significantly different (ANOVA, F ¼ 19:9; df ¼ 9; 329; P < :001. Tukey’s post hoc test, P < :001).
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different from that at Newport and Palos
Verdes.
For all stations pooled over the full study
period, CPUE began at a mean of 3.4 (G3.4
SE) individuals per station in April 1995, in-
creased to 20.4 (G29.6 SE) in June 1997, and
then showed a significant roughly linear de-
cline (r ¼ 0:45, P ¼ :007) over most of the
period since. The lowest catch (0.3 individu-
als per stationG 0.3 SE) was in April 2004
(Figure 3). Variation in CPUE over the study
period was correlated with mean SST (r ¼
0:63, P < :001) with catch generally greater
in the summer or fall. Yellowfin croaker were
primarily caught at SONGS during the sum-
mer and fall, a seasonal pattern that was sig-
nificantly correlated with monthly mean SST
(Figure 4a, r ¼ 0.809, P ¼ :001). The num-
ber of fish entrapped annually at SONGS
varied between a low of 25.9 (G8.6 SE) fish
per survey in 1993 and a high of 1,045.4
(G397.7 SE) in 1999 (Figure 4b) and was
negatively correlated with SST (r ¼ 0:751,
P ¼ :008).
Fishes caught in gill nets are routinely fed
upon by scavengers and predators before re-
trieval, necessitating that meristic data at
times be estimated using length-conversion
equations (Table 1). These equations were
used to estimate the length of 15 specimens
where only HL could be measured. All length
conversions were linear. The poorest estima-
tor of SL was OW. The relationship between
SL in millimeters and whole, wet body
weight (W ) in grams was W ¼ 0:00002
SL3:0207 ðR2 ¼ 0:979Þ, which was a slightly
better estimator of whole, wet biomass than
otolith length in millimeters, W ¼ 0:0651
OL3:6902 ðR2 ¼ 0:939Þ.
In the otolith edge analysis, 91.6% of the
otoliths still had an opaque edge in June.
We considered these bands to be annuli
(Lowerre-Barbieri et al. 1994). The onset of
translucent rings began with the summer sea-
son, and they were found primarily in the
summer and fall. For example, 97.8% of the
fish caught during October had a transparent
ring on the otolith’s edge.
On average, yellowfin croaker were 101
mm SL during their first year and 170 mm
SL during their second year. Growth began
to slow in their third year (mean ¼ 188 mm
SL) as they became reproductive (Table 2).
In the field we were able to visually determine
Figure 3. Mean CPUE, number of fish per station (G1 SE), per sample period for all stations pooled and mean
monthly SST (C) measured at the Newport Pier from 1995 to 2006 were significantly correlated (r ¼ 0:63,
P < 0:001).
560 PACIFIC SCIENCE . October 2008
the sex of 50% of the individuals by 150 mm
SL and 100% by 200 mm SL. The overall
male to female sex ratio (51 :49) was not
significantly different from a 50 :50 ratio
(X 2 ¼ 0:7; P > :1), and males and females
were found at all sizes. The largest sexed in-
dividual was a male of 395 mm SL, and the
largest female was 365 mm SL. The oldest
Figure 4. The monthly ðaÞ and annual ðbÞ mean number of entrapped yellowfin croaker per survey in the San Onofre
Nuclear Generating Station (SONGS) and mean monthly and annual SST (C) measured at the Scripps Pier from
1992 to 2002. Monthly mean was significantly correlated with SST (r ¼ 0:809, P ¼ :001), and the annual mean was
negatively correlated (r ¼ 0:751, P ¼ :008).
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specimens were two 15-yr-old males caught
at Santa Barbara Island (13 June 2006; 395
mm SL) and Belmont Shores (28 February
1995; 313 mm SL). The largest yellowfin
croaker (420 mm SL) was caught at Palos
Verdes on 3 June 2003. This fish was 7 yr
old. The tail had been eaten, and we estimate
that the TL would have been 510 mm based
on conversion equations in Table 1. This
specimen also had the second largest otoliths
(OW ¼ 8.00 mm; OL ¼ 13.50 mm; OWt ¼
0.4545 g). The largest otoliths were from the
15-yr-old specimen caught at Santa Barbara
Island (OW ¼ 6.72 mm; OL ¼ 13.96 mm;
OWt ¼ 0.4864 g). The largest fish in the
study was clearly on a different growth trajec-
tory from the rest of the studied specimens
(Figure 5), and many fish were above the Ly
values (Table 3).
The relationships of otolith length and
width to age also fitted the von Bertalanffy
growth model reasonably well (Table 3). All
von Bertalanffy model values were signifi-
cantly different between the sexes; females
grew significantly faster and reached signifi-
cantly larger size than males at age (Ly: F ¼
4:021; df ¼ 1; 1,465; P < :05; k: F ¼ 4:587;
df ¼ 1; 1,465; P < :05; t: F ¼ 15:573; df ¼
1; 1,465; P < :01). Growth in length for both
sexes began to slow with the onset of gonad
development (Table 2, Figure 5). Of the
three sampling periods in 2003 ( June, Au-
gust, and October) the peak in GSI for fe-
males and males was in August (Figure 6;
5.34%G 0.44% and 4.55%G 0.25%, respec-
tively). However in the following year the
highest GSI values of the study were mea-
sured in June, with females ¼ 5.65%G
0.40% and males ¼ 5.51%G 0.23%.
Overall annual total mortality ðAÞ and in-
stantaneous coefficient of total mortality ðZÞ
calculated between the 2003 and 2004 sam-
pling seasons were 0.4492 and 0.5964, respec-
tively. Using annual survivorship to calculate
relative year class strength, we found that
recruitment was greatest during the years
1993–1995, followed by 1997–1998 (Figure
7). Recruitment was not clearly correlated
with SST (r ¼ 0:535, P ¼ :060) and has sig-
nificantly declined since 1993 (r ¼ 0:832,
m ¼ 412:8G 86:9, P ¼ :0008).
discussion
Yellowfin croaker exhibited growth and re-
productive patterns typical of southern Cali-
TABLE 2
Descriptive Statistics for Yellowfin Croaker by Age Class, Size (SL), and Maturity Determined in the Field for Fishes
Females Males Immature
SL (mm) SL (mm) SL (mm)
Age
Class n Mean SD Range n Mean SD Range n Mean SD Range
0 3 143 18 127–162 5 145 11 127–154 273 99 22 35–150
1 58 174 16 145–205 66 169 16 146–211 18 162 7 149–172
2 141 192 19 161–251 174 184 17 157–240 1 195
3 62 234 23 175–271 64 210 19 177–255
4 19 267 43 190–340 12 220 21 185–257
5 40 268 34 203–338 27 236 37 186–367
6 53 268 27 225–335 37 252 24 200–296
7 18 281 24 239–327 20 267 29 222–335
8 17 306 35 243–365 14 271 28 232–325
9 10 292 22 260–325 16 290 23 250–332
10 6 324 28 290–360 11 299 16 272–324
11 2 312 40 284–340 5 307 18 290–332
12 1 351
13 2 356 1 355–357
15 2 354 58 313–395
Note: Fish whose sexual status or SL (n ¼ 32) could not be measured or determined in the field were not included.
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fornia nearshore fishes (e.g., Allen et al.
1995, Love et al. 1996). Growth was rapid
through age three and slowed at the onset of
reproductive maturity. These croakers grew
fastest in the late summer and fall, beginning
with the end of their summer reproductive
period. This pattern was confirmed by rapid
deposition in the otoliths. We report a maxi-
mum age of 15 yr. Notable variation in
growth rates occurs between individuals. For
example, the largest fish we studied (420 mm
SL; estimated 510 TL) was half the age of
smaller, though similarly sized individuals. If
it had not been partially eaten, this specimen
would have weighed an estimated 1,679 g,
which is 79.9 g less than the California state
record (O’Brien and Oliphant 2001). The
longest reported yellowfin croaker (556 mm
Figure 5. Size (SL) at age for 1,209 yellowfin croaker with a fitted von Bertalanffy growth curve was plotted. Size at
50% and 100% maturity was noted.
TABLE 3
Output Parameters Obtained from a Statistical Fitting to the von Bertalanffy Model, Based upon SL, OW, and OL for
All Fish, Females Plus Immature, and Males Plus Immature for Each of These Three Measurements
Parameters Estimated
Group Ly k t0
Standard Length estimation
All (n ¼ 1,209) 307.754 0.278 0.995
All females and immature (n ¼ 726) 313.173 0.307 0.771
All males and immature (n ¼ 744) 298.886 0.269 1.072
Otolith Width estimation
All (n ¼ 890) 5.993 0.394 1.615
Females and immature (n ¼ 433) 6.000 0.527 0.837
Males and immature (n ¼ 470) 5.735 0.474 1.176
Otolith Length estimation
All (n ¼ 890) 11.205 0.307 1.555
Females and immature (n ¼ 433) 11.027 0.418 0.769
Males and immature (n ¼ 470) 10.769 0.350 1.228
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TL), captured in the Point Loma Kelp Forest
at the surface (<2.4 m; 32 43 0 41 00 N, 117
15 0 57 00 [W. M. Shane, pers. comm.; Love
et al. 2005]), would have weighed 2,181 g.
With a large sample size, we found a number
of individuals that were above and below the
curve that was the best fit of the length data
to the von Bertalanffy growth model. We
cannot account for this variation.
Given that yellowfin croakers have a rela-
tively high annual mortality rate (A ¼ 0:45),
individuals older than 15 yr are likely to be
Figure 6. Mean gonadosomatic indices (G1 SE) for male and female yellowfin croaker on six occasions between June
2003 and August 2004.
Figure 7. Estimated annual recruitment strength calculated from the 2003–2004 OREHP sampling season adjusted
for annual survivorship ð1 AÞ.
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extremely rare; we found only five individuals
older than 11 yr among the 1,209 fish in the
study. As an evolutionary strategy, it appeared
that rapid growth and early maturity were
necessary to offset this relatively high mor-
tality of both males and females. More than
50% of specimens could be visually sexed
during their first year, and all showed re-
productive development by the end of their
second year of growth. This relatively high
mortality, early maturity, and greater invest-
ment in reproduction for females seem con-
sistent with our observations that females
grew faster and larger than males.
Very little is known about the behavior of
this species (Feder et al. 1974). They occur in
all nearshore subtidal habitats and are gen-
erally wary of scuba divers. Single yellowfin
croaker can be observed regularly on cobble
and soft-bottom areas near reefs during the
night at Santa Catalina Island. They appear
to be nocturnal foragers (Hobson et al.
1981), and anecdotal observations indicate
that they may make forays into reef habitats.
In 1983–1984 trawl surveys, they were the
12th most abundant fish at 6.1 m depth but
ranked 40th at 12.1 m depth (Love et al.
1986) and 23rd in abundance in beach seine
catches from 1953 to 1956 (Carlisle et al.
1960). No observations have been made of
their reproduction, but the gonadosomatic
indices for males (up to 5.51% in June) were
suggestive of a group-spawning species, with
sperm competition being likely (Stockley
et al. 1997). During their reproductive sea-
son, they become entrapped at SONGS, indi-
cating that they are moving through that area
(1 km offshore); it is possible that they are
moving offshore to spawn. This hypothesis
has been suggested for other southern Cali-
fornia surf-zone croakers ( Joseph 1962). An
alternative hypothesis is that they may be
spending the winter in deeper water (Skogs-
berg 1939). Both CPUE in the OREHP
study and the number of entrapped fish at
SONGS were correlated with SST. In
warmer years and seasons, catch was greater
near the surf zone, but during colder years
the number of entrapped fish increased off-
shore, indicating that temperature may be
one cue yellowfin croaker use for onshore/
offshore movement. It has been noted that
there was annual variation in the onshore
and offshore catch of this fish (Skogsberg
1939). The ratio of males to females collected
was very close to unity (51 :49), and males and
females were present at all sizes; therefore
yellowfin croaker are most likely gonochores.
All the juveniles (<100 mm SL) captured in
this study were found on coastal sandy
beaches, typically in or close to the surf zone
throughout the bight.
Although yellowfin croaker have been de-
scribed as one of the most abundant near-
shore fishes in the southern California bight
(Pondella and Allen 2000, Allen and Pon-
della 2006), their abundance as estimated by
CPUE was highly variable in space and time.
CPUE was significantly lower at Santa Bar-
bara and Ventura and intermediate at Malibu.
The northern edge of the southern California
bight is classically defined as Point Concep-
tion. The San Diegan Province community,
to which yellowfin croaker belong, makes a
transition to the Oregonian Province along
that stretch of coastline, with Santa Monica
Bay being the last mainland warm refuge in
the bight (Pondella et al. 2005, Horn et al.
2006). This transition point, rather than
Point Conception, appeared to provide the
northern limit of and significant CPUE of
yellowfin croaker.
In the OREHP time series CPUE in-
creased to a maximum in June 1997 and then
decreased with the exception of 2002 through
most years with a low in the April 2004 sam-
pling period. The early increase in CPUE ap-
peared to be related to the strong year classes
of 1993–1995 (Figure 7). However, as re-
cruitment significantly declined throughout
the remainder of the study, CPUE also de-
clined. We do not know the reason for this
decline in recruitment, but we note a correla-
tion with the onset of dramatic red tides in
the late 1990s (Gregorio and Pieper 2000,
Schnetzer et al. 2007). These tides were pres-
ent during the times and in the areas where
yellowfin croaker recruit and may have been
a factor in the declines. With such dramatic
variations in indicators of adult stock, juve-
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nile recruitment, spatial distribution, and a
reproductive strategy that may employ group
spawning, we recommend a cautious manage-
ment approach for this fishery species.
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